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GASOLINE FUEL 

This application is a continuation of application Ser. No. 
08/077,243, ?led Jun. 14, 1993 now abandoned which is a 
division of application Ser. No. 07628,488, ?led Dec. 13, 
1990 now U.S. Pat. No. 5,288,393. 

The present invention relates to fuels, particularly gaso 
line fuels, and combustion methods therefor, and methods 
for preparing gasoline fuels which, upon combustion, mini 
mize the release of CO, N Ox, and/or hydrocarbon emissions 
to the atmosphere. 

One of the major environmental problems confronting 
the United States and other countries is atmospheric pollu 
tion (i.e., “smog”) caused by the emission of gaseous 
pollutants in the exhaust gases from automobiles. This 
problem is especially acute in major metropolitan areas, 
such as Los Angeles, Calif, where the atmospheric condi 
tions and the great number of automobiles account for 
aggravated air pollution. 

It is well known that the three primary gaseous constitu 
ents, or pollutants, which contribute to air pollution due to 
auto exhaust are nitrogen oxides (NOx), carbon monoxide 
(CO), and unburned or incompletely burned hydrocarbons 
(i.e., hydrocarbon components originally present in the 
gasoline fuel which are not fully converted to carbon mon— 
oxide or dioxide and water during combustion in the auto 
mobile engine). 

SUMMARY OF THE INVENTION 

The present invention provides gasoline fuels from which 
a relatively low amount of gaseous pollutants, and in par 
ticular one or more of NOx, CO, and hydrocarbons, is 
produced during combustion in an automotive engine. The 
invention provides methods for producing gasoline fuels 
having such desirable properties. The invention also pro 
vides methods of combusting such fuels in automotive 
engines while minimizing emission of pollutants released to 
the atmosphere, which in turn provides a method for reduc 
ing air pollution, particularly in congested cities and the like, 
when large volumes of automotive fuel of the invention are 
combusted in a great number of automobiles in a relatively 
small geographical area. 

The present invention also provides a petroleum re?ner 
with knowledge of which properties of a gasoline fuel to 
alter, and in which direction (i.e., increased or decreased), so 
as to produce a gasoline fuel which will reduce or minimize 
NOx, CO, and hydrocarbon emissions upon combustion in 
an automotive engine. 

The present invention, in its broadest aspect, is founded 
on the discovery that, when gasoline fuels are produced, for 
example, by blending a plurality of hydrocarbon-containing 
streams together so as to produce a gasoline product suitable 
for combustion in an automotive spark-induced internal 
combustion engine, improvements in emissions of one or 
more pollutants selected from the group consisting of CO, 
NOx, and hydrocarbons upon combustion of the gasoline 
product in such an engine system can be attained by con 
trolling certain chemical and/or physical properties of said 
gasoline product. For example, a ?rst hydrocarbon-contain 
ing stream boiling in the gasoline range can be blended with 
a different hydrocarbon stream at rates adjusted so as to 
effect at least one of the properties of the ?rst gasoline 
stream as follows: 

(1) decrease the 50% D-86 Distillation Point; 
(2) decrease the ole?n content; 
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2 
(3) increase the para?‘in content; 
(4) decrease the Reid Vapor pressure; 
(5) increase the Research Octane Number; 
(6) decrease the 10% D-86 Distillation Point; 
(7) decrease the 90% D-86 Distillation Point; and 
(8) increase the aromatic content 

The greater the increase or decrease of the eight properties 
as set forth above, the greater the resulting bene?t in 
reducing emissions of one or more of CO, NOx, and 
hydrocarbons. 

For gasoline fuels in which one desires that hydrocarbon 
emissions and/or CO emissions be minimized or reduced, 
the principal factor influencing such emissions is the 50% 
D86 distillation point, with decreases therein causing 
decreases in the hydrocarbon emissions. Fuels generally 
prepared in accordance with this embodiment of the inven 
tion have a 50% D86 distillation point no greater than 215° 
F. (10l.6° C.), with the hydrocarbon and CO emissions 
progressively decreasing as the 50% D86 distillation point 
is reduced below 215° F. (101.6° C.). Preferred fuels have a 
50% D-86 Distillation Point of 205° F. (96.1° C.) or less. 
Best results are attained with fuels having a 50% D-86 
distillation point below 195° F. (906’ C.). 

For gasoline fuels in which one desires that emissions of 
NOx be minimized or reduced, the principal factor in?u 
encing such emissions is Reid Vapor pressure. NOx emis 
sions decrease as the Reid Vapor Pressure is decreased (e.g., 
to 8.0 psi (0.54 atm) or less, preferably to 7.5 psi (0.51 atm) 
or less, and even more preferably below 7.0 psi (0.48 atm)). 
Of secondary importance with respect to NOx emissions are 
the 10% D-86 Distillation Point and the ole?n content. In 
general, decreasing ole?n content (e.g., below 15 volume 
percent, preferably to essentially zero volume percent) and/ 
or decreasing the 10% D-86 Distillation Point (e.g., to values 
below 140° F. (60° C.)) will provide some reduction in NOx 
emissions. However, because it is contemplated that 
decreases in ole?n content will be more acceptable to an oil 
re?ner than decreasing the 10% D-86 Distillation Point 
su?iciently to signi?cantly affect the NOx emissions, it is 
believed that, as a practical matter, it will be ole?n content 
which will be the secondary variable providing the most 
flexibility to an oil re?ner in altering the gasoline properties 
to reduce NOx emissions. (This is all the more the case 
inasmuch as, in general, if one wishes to decrease the Reid 
Vapor Pressure, it is usually necessary to increase the 10% 
Distillation Point.) Accordingly, best results are attained 
when both the ole?n content is below 15 volume percent 
(preferably to zero) and the Reid vapor pressure is no greater 
than 7.5 psi - - - with it being highly desirable, if possible, 
to also maintain the 10% D-86 Distillation Point below 140° 
F. (60° C.). 

In view of the foregoing, it can be seen that many 
modi?cations of the invention are possible, depending upon 
which of the three pollutants one desires to reduce and the 
degree of reduction desired. For example, one can attain 
signi?cant reductions in all three pollutants—hydrocarbons, 
CO, and NOx——by maintaining the 50% D-86 distillation 
point at or below about 215° F. (101.6° C.) and maintaining 
the Reid Vapor Pressure no greater than 8.0 psi (0.54 atm). 
Still better reductions can be obtained by maintaining the 
ole?n content below 10 volume percent, or maintaining the 
10% D-86 distillation point below 140° F. (60° C.), with still 
further reductions being possible when both the ole?n 
content and 10% D-86 Distillation Point are so maintained. 
Yet further reductions are possible by maintaining the 50% 
D-86 distillation point below 195° F. (906° C.), by reducing 
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the ole?n content to below 5.0 vol. % (preferably to essen— 
tially zero), by decreasing the 10% D86 Distillation Point 
to below 120° F. (49° C.), and/or by maintaining the Reid 
Vapor pressure below 7.0 psi (0.48 atm). 
The presently preferred speci?cations proposed for com 

mercial use for a gasoline produced in accordance with the 
invention are: (l) Ole?n Content of 0%; (2) Reid Vapor 
Pressure of 7.5 psi (0.51 atm) maximum; and (3) 50% D-86 
distillation point greater than 180° F. (82° C.) but no greater 
than 205° F. (96° C.). However, other fuels falling within the 
scope of the invention are also possible, for example, fuels 
meeting the following criteria: 

(1) a 50% D-86 distillation point no greater than 215° F. 
( l0l.7° C.) and a Reid Vapor Pressure no greater than 8.0 psi 
(0.54 atm). 

(2) a 50% D-86 distillation point no greater than 205° F. 
(96° C.) and an ole?n content less than 3 percent by volume; 

(3) a Reid Vapor Pressure no greater than 8.0 psi (0.54 
atm) and containing at least 40 volume percent para?ins; 

(4) a Reid Vapor Pressure no greater than 7.5 psi (0.51 
atm) and containing essentially no methyl tertiary butyl 
ether but less than 15 volume percent ole?ns. 
One of the main advantages of the invention is that a less 

polluting gasoline fuel is provided that can be easily pre 
pared in a petroleum re?nery or the like. That is, in a typical 
re?nery in which gasoline is produced, it is necessary or at 
least desirable in most instances to blend the hydrocarbon 
stocks so as to produce gasolines of speci?ed Reid Vapor 
Pressure, ole?ns content, etc. Thus, the only difference is 
that now the re?nery will blend the stocks in light of the 
information provided herein such that the NOx, CO, and 
hydrocarbon emissions are reduced as much as possible or 
practicable, given the individual situation (the blend stocks 
available, re?ning capacity, etc. ) facing the particular re?n 
ery. 

It will be understood in this disclosure and the claims to 
follow that the words “reduce” and “reducing” in the context 
of lowering NOx, CO, or hydrocarbon emissions are relative 
terms. Obviously, the simplest way to produce no emissions 
is to combust no fuel; and equally obviously, almost any 
combustion of a gasoline fuel will produce some emissions 
and thus produce greater emissions than if no fuel were 
combusted. However, on the assumption that the motoring 
public would ?nd the consequences of combusting no fuel 
rather unattractive, logic dictates in the context of this 
invention that “reducing” is in comparison to the results 
achievable with other fuels. For example, for those embodi 
ments of the invention in which the 50% D-86 Distillation 
Point is controlled to no more than 200° F. (93° C.), the 
emissions will be reduced in comparison to the otherwise 
identical fuel but having a higher 50% D86 Distillation 
Point when combusted in the same automotive engine (or in 
an equivalent number of automotive engines) operating for 
the same time period in the same way. 

BRIEF DESCRIPTION OF THE DRAWING 

The invention can be best understood with reference to 
the drawing, the ?gures of which provide graphical or 
tabular data derived from the experiments described here 
inafter with respect to Examples 2 and 3. 
More particularly, FIG. 1 is a graph of CO emission 

values for 22 different fuels tested in six different automo 
biles. Each data point on the graph is an average of a 
plurality of runs for each fuel-automobile combination. 

FIG. 2 is a graph of NOx emission values for 22 different 
fuels tested in six different automobiles. Each data point on 
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4 
the graph is an average of a plurality of runs for each 
fuel-automobile combination. 

FIG. 3 is a graph of hydrocarbon emission values for 22 
di?°erent fuels tested in six different automobiles. Each data 
point on the graph is an average of a plurality of runs for 
each fuel-automobile combination. 

FIG. 4 is a graph of CO emission values for 22 diiferent 
fuels tested in four different automobiles. Each data point on 
the graph is an average of a plurality of runs for each 
fuel-automobile combination. 

FIG. 5 is a graph of NOx emission values for 22 different 
fuels tested in four different automobiles. Each data point on 
the graph is an average of a plurality of runs for each 
fuel-automobile combination. 

FIG. 6 is a graph of hydrocarbon emission values for 22 
diiferent fuels tested in four different automobiles. Each data 
point on the graph is an average of a plurality of runs for 
each fuel-automobile combination. 

FIG. 7 is a table, based on data derived from the experi 
ments in Examples 2 and 3, which identi?es the most 
signi?cant variables which increase emissions of CO when 
the variable is increased (as identi?ed by one or more + 
signs) or which decrease emissions of CO when the variable 
is decreased (as identi?ed by one or more — signs). 

FIG. 8 is a table, based on data derived from the experi 
ments in Examples 2 and 3, which identi?es the most 
signi?cant variables which increase emissions of NOx when 
the variable is increased (as identi?ed by one or more + 
signs) or which decrease emissions of NOx when the 
variable is decreased (as identi?ed by one or more — signs). 

FIG. 9 is a table, based on data derived from the experi 
ments in Examples 2 and 3, which identi?es the most 
signi?cant variables which increase emissions of hydrocar 
bons when the variable is increased (as identi?ed by one or 
more + signs) or which decrease emissions of hydrocarbons 
when the variable is decreased (as identi?ed by one or more 
— signs). 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention is directed to gasoline compositions 
having chemical and physical properties which reduce and/ 
or minimize the amount of gaseous pollutants emitted during 
combustion. In particular, the invention aims to reduce 
and/or minimize the emissions of hydrocarbons, NOx and/or 
CO during combustion in an automotive engine. 

Gasolines are well known fuels, generally composed of a 
mixture of hydrocarbons boiling at atmospheric pressure in 
a very narrow temperature range, e.g., 77° F. (25° C.) to 437° 
F. (225° C.). Gasolines are typically composed of mixtures 
of aromatics, ole?ns, and para?ins, although some gasolines 
may also contain such added non-hydrocarbons as alcohol 
(e.g., ethanol) or other oxygenates (e. g., methyl tertiary 
butyl ether). Gasolines may also contain various additives, 
such as detergents, anti-icing agents, demulsi?ers, corrosion 
inhibitors, dyes, deposit modi?ers, as well as octane enhanc 
ers such as tetraethyl lead. However, the preferred fuels 
contemplated in the invention are unleaded gasolines (herein 
de?ned as containing a concentration of lead no greater than 
0.05 gram of lead per gallon (0.013 gram of lead per liter)). 
The preferred fuels will also have a Research Octane Num 
ber (RON) of at least 90. Octane value (R/2+M/2) for 
regular gasoline is generally at least 87 and for premium at 
least 92. 
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At present, most gasolines suitable for combustion in 
automotive spark-ignition engines conform to the require 
ments of ASTM D4814-89 speci?cations, which speci?ca 

6 
-continued 

tions are herein incorporated by reference in their entirety. Equation 6 
Such gasolines fall into ?ve different volatility classes, with 5 _ 
some of the speci?cations therefor set forth in the following HC (gm P“ m‘le) : 000245 X (VOL % 015m“) 

Table 1: 

TABLE 1 

Class Class Class Class Class 
Properties A B C D E 

RVP (psi) max 9.0 100 11.5 13.5 150 
(atm) max 0.6 0.7 0,8 0.9 1.0 

Dist. 10% (°F.) max 158 149 140 131 122 
(°C.) max 70 65 6O 55 50 

Dist. 50% (°F.) min-max 170-250 170-245 170~240 170-235 170-230 
(°C.) min-max 77-121 77~l18 77—ll6 77-113 77-110 

Dist. 90% (“11.) max 374 374 365 365 365 
(°C.) max 190 190 185 185 185 

End Point (°F.) max 437 437 437 437 437 
(°C.) max 225 225 225 225 225 

The most preferred gasolines produced in accordance with -COI1IiI1l16d 
the 1nvent10n are those which meet the requirements of one 25 £00104 X (Research Octane Number) 
or more of the ?ve classes speci?ed in Table l. +090109 X (1)86 DiSL 50% point 

In the present invention, the gasoline is formulated, in °F-) 
usually by appropriately blending various hydrocarbon 
streams in a re?nery, to reduce or minimize emissions of From the foregoing equations, and from the relative sizes of 
CO, NOx, and/or hydrocarbons upon combustion in a spark- 30 the Various K Values Find the typical Values which would 
induced automotive internal combustion engine. It has been Peftam for the: PTOPBYUBS by Whlch the K values are mum 
discovered in the present invention, for many automotive Phed (‘lg-1 Vol- % ol‘aj?nsi Research Octfane Number’ etc"), 
engines, that the amount of pollutants emitted upon com- gebfffn‘fzvglgng cogcsluslgns. a? obnzmedbilnslhlsoiggg olqs' 
bustion is closel in accord with the followin e uations: .0 16 may an .Sum ar an Omo 1 e I . . emis' 

y g q 35 810115, although decreasmg the 90% D-86 distillation pomt 
has some impact on lowering CO emissions, the para?in 

Equation 1 content and the 50% D-86 Distillation point in?uence such 
_ _ _ ‘ 0 emissions much more substantially. All other things being 

CO (gm P“ "11“) : K15‘ (Dbsggg- 535071331?‘ “1 equal, increasing the para?in content or reducing the 50% 
3: : évt‘? % ?gs) 01mm ') D-86 distillation point will provide the most dramatic effects 

Equal-on 2 3 ' 40 in reducing CO emissions, with best results being attained 
when both the para?in content is substantially increased and 

NOx (gm per mile) = K4 X (Vol. % Ole?ns) the 50% D86 distillation point is substantially reduced. In 
‘K5 X (V°1- % Pam?lns) _ _ a like manner, it can be seen that by decreasing the 10% D-86 
+K6 x (086.13“? 10% PM“ m P‘) Distillation Point and/or by increasing the para?in content, 
+K7 x (RVP in ps1) . . . . 

Equadon3 45 some decrease in the NOx emissions will be produced. 
W However, far more in?uential on the NOx emissions are the 

HC (gm Per mi1e>= Ki X (Vol % Ole?ns) ole?n content and the Reid Vapor Pressure, both of which 
_K9 x (Research. Octane N“.mb.er) cause substantial reductions in NOX emissions as they are 
+K1o X (D-86 Dist. 50% Point in °F.) . l . _ 

substantially decreased. For hydrocarbon enussions, inspec 
_ _ _ _ , _ 50 tion of the equations indicates, since one is usually con 

whera Each K value m the foregoing ?quauofls 1S a post“? strained to no more than a 5 unit change in Research Octane 
number. The Kvalues Wlll be ?-Xed forapartieular engine in Numbar in the range of about 90 to 95, that it will not 
a pamculBI Car but ‘fa-n be readlly deterfmned' For examine’ normally be practicable to alter the Research Octane Num 
for a 1988 Oldsmob1le Regency 98 equipped with a 3.8 liter ber sufficiently to haw3 a signi?cant impact on the hydro_ 
V‘6 Engme’ the K values are Such that the equanons are as 55 carbon emissions. Accordingly, although some reduction in 
follows' hydrocarbon emissions can be attained by increasing the 

Research Octane Number, the most practical way to signi? 
Equmion 4 cantly lower the hydrocarbon emissions while retaining 

_ other bene?cial properties of the fuel is by lowering the 
C0 (gm Per “1118) = (100937 X (13-86 D15} 50% 13°"? 1" °F-) 60 ole?n content and/or by lowering the 50% D-86 Distillation 

+0.00133 x (D-86 Dist. 90% Point Point 
in “R1 ' . . . . . 

—0.00828 X (Vol. % Paraf?ns) The foregoing equatlons also provide those skilled in the 
Equation 5 art, again as to a 1988 Oldsmobile Regency 98 and similar 
NO _1 _ 000503 V 1 7 O1 ? automobiles, with information as to how to lower the 

X (gm per m‘ e) — ' X( °' 0 e 115) 65 reductions of not just CO, NOx, or hydrocarbons, but also 
—0.00060 X (Vol. % Para?ins) 
+0.00087 >< (D486 Dist. 10% Point any combination thereof. For example, if one is interested in 

reducing the emission levels of all three, the equations show, 






















